Tyrosine phosphorylation modulates the activity of TRPV4 in response to defined stimuli.
Src family tyrosine kinases (SFKs) regulate the function of several transient receptor potential (TRP) family members, yet their role in the regulation of the vanilloid subfamily member 4 protein (TRPV4) remains controversial. TRPV4 is a calcium-permeable channel activated by numerous physical and chemical stimuli. Here we show that SFKs mediate tyrosine phosphorylation of TRPV4 in different cell lines. Using mass spectrometric analysis, we identified two novel phosphorylation sites in the cytosolic N- and C-terminal tails of TRPV4. Substitution of either tyrosine with phenylalanine led to a substantial reduction in the overall tyrosine phosphorylation level of TRPV4, suggesting that these two tyrosines constitute major phosphorylation sites. Both mutants efficiently localized to the plasma membrane, indicating that neither tyrosine is required for trafficking of TRPV4 in the secretory pathway. Analysis of the channel function demonstrated a crucial role of the N-terminal tyrosine residue in the activation of TRPV4 by heat, mechanical (shear) stress, hypotonic cell swelling, and phorbol 12-myristate 13-acetate, but not in the activation by synthetic ligand 4alpha-phorbol 12,13-didecanoate. Furthermore, the response of TRPV4 to phorbol 12-myristate 13-acetate was SFK-dependent. Because the SFK-mediated phosphorylation of the N-terminal tyrosine occurred before TRPV4 activation, tyrosine phosphorylation appears to sensitize rather than activate this channel. Reactive oxygen species, known to mediate inflammatory pain, strongly up-regulated TRPV4 phosphorylation in the presence of SFKs. Our findings indicate that tyrosine phosphorylation of TRPV4 represents an important modulatory mechanism, which may underlie the recently described function of TRPV4 in inflammatory hyperalgesia.